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The ozone trend model

[03]; = n + ot + [Seasonal terms] + [QBO periodic terms] + vy [F10.7], + N,

u is the mean level,

o is a linear trend coefficient,

the seasonal terms represent the 12-, 6-, 4-, and/or 3-months cosine terms each with a time lag
The QBO periodic terms consist of cosines with time lags to represent QBO signal with
periods between 3 and 30 months excluding 12-, 6-, 4-,and/or 3-months terms. The traditional
approach of using Singapore winds with a fitted lag produces similar results, but with less
precise trend estimates and more fluctuations in the residuals.

[F10.7], is the F10.7-cm radio flux density which is used to provide a solar variation proxy.

Y is a solar signal regression coefficient.

Nt is the autocorrelated error term, for which a first order autoregressive process is assumed
(N, =a;N; *¢).

The g, residuals, after removing the autoregressive component, a,N, ,, are the residuals that are
used to compute the cumulative sums of residuals described in Appendix B.
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Ozone trend+residual and Cumulative Sums
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MOD trend+residual and Cumulative Sums
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30-60N: 13-month running average
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Effective Equivalent Stratospheric Chlorine
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30N-60N
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Attribution to Dym and Chem: 2 layers
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Polar processing effect on mid latitudes
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Vertical partitioning of trends and recovery
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Vertical partitioning of trends and recovery
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Conclusions

Thickness of Earth’s stratospheric ozone layer stopped declining after about 1997.

Signature of the observed changes above 18 km altitude is consistent with the timing of peak
stratospheric halogen abundances.

Confirms the positive effect of the Montreal Protocol and its amendments.

Observed, large changes in stratospheric ozone below 18 km driven principally by changes in
atmospheric dynamics.

Changes are due to natural variability or due to changes in atmospheric structure related to
anthropogenic climate change?

Recent record during unusually low levels of stratospheric aerosol loading. Should a major
eruption occur, will almost certainly lead to short periods of lower ozone.

Data continuity across AURA period is critical to accurately diagnose changes and attribution
of changes in stratospheric ozone.
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Dedicated to Greg Reinsel
ol

Soft spoken gentleman.
~ Conservative, rigorous scientist.
Consummate statistician.

Brought his considerable
statistical expertise to the ozone
community for 3 decades,
primarily in analysis of Dobson
and Umkehr ozone trends.

Originated the idea of applying
CUSUM technique to ozone
measurements for early detection
of changes in secular trends: The
critical idea for the success of the
work presented today.
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SAGE/HALOE 40km trends and CUSUMs
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